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(54) Optical head apparatus for different types of disks 

(57) In an optical head apparatus for two or nwe 
different types of discs (A, A*. B], there are provided a 
first light source (11) for a first wavelength light beanv a 
second light source (12) for a second wavelength light 
beam, and an objective ler« (6, 6*. 6**) for leading the 
first and second wavelength light beams to one of the 
discs. A holographic optk;al elennent (5*. 5**) is provided 
to converge or diverge only one of the first and second 
wavelength light beams. Or, an aperture limiting ele- 
ment (2801) is provided to adjust an effective numerical 
aperture of the objective lens for only one of the first and 
second wavelengtti light k>eams. 
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Description 

The present invention relates to an optical head apparatus for different types of dislo wtich have different thick- 
nesses cmd/or different densities. 

5 A first prior art optical head apparatus has been known for two types of disks, i.a. a high density thin disk such as 

a 0.6 mm thick digital video disk and a low density thick disk such as a 1 .2 mm tNck compact disk (see : Y.Komma et 
al.. 'Dual Focus Optical Head lor 0.6 mm and 1.2 mm Disks'*, Optical Review Vbl. 1, No. 1. pp. 27-29. 1994). Th^ fvst 
prior art optical head apparatus includes a single light source for a light t>eam. an objective lens for leadir>g the light 
beam to one of the disks, arxJ a holographk; optical element for splitting the light beam into a zeroth order light beam 

10 (transmission light beam) and a + 1st order diffraction light t>eam. As a result the transmissfon light beam passes 
through the objective lens, so that tftis Gght t>eam can be focused at one type of the disks, on the other hand, the 1st 
order drffractfon fight beam passes through the ot^jective lens, so that this light beam can be focused at another type of 
the disks. This will be explained later in detail. 

In the above<iescribed first pnor art apparatus, however, since the incident light beam is split into tfie transmissfon 

IS light beam and the + 1st order diffraction light t>eam. the efficiency of the light beam is low. this reducing the signal-to- 
rK>ise (S/N) ratia 

A secorxi prior art optical head apparatus has teen known for two types of disks, i.e.. a high density thick disk such 
as a 1 .2 mm thick digital video disk and a low density thick disk such as a 1 .2 vm thick compact disk. This secorxi prior 
art optical head apparatus includes a single light source for a light beam arxJ an objective lens for leading the light beam 
20 to one of the disks. This will be explained later in detail. 

In the above-described secorxJ prior art apparatus, however, it is actually impossible to read the two types of disks 
whose densities are different 

It is an object of the present inventfon to provide an optimum optical head apparatus for different types of disks. 

According to the present invention, in an optical head apparatus for two or more different types of disks, there are 
^ provided a first light source for a first wavelength light t>eam. a secorxJ light source for a secorxi wavelength light beam, 
and an objective lens for leading the frst and second wavelength light beams to one of the diste. A holographic optical 
element is provided to converge or diverge only one of the first arxl secorxi wavelength light beams. Or. cm aperture 
limiting element is provided to adjust an effective numerical aperture of the objective lens for only one of the first arxi 
secorxj wavelength light t>eams. 
30 The present invention will be more clearly understood from the description as set forth k>elow, in comparison with 
the prior art with reference to the accompanying drawings, wherein: 

Rg. 1 is a diagram illustrating a first prior art optical head apparatus; 
Rg. 2 is a plan view of the hofographic optical element of Rg. 1 ; 
3S Rgs. 3A arxi 3B are cross-sectional views of the holographic optical element of Rg. 1 ; 
Rg. 4 is a diagram illustrating a secorxi prior art optical head apparatus; 

Rg. 5 a diagram illustrating a first emtxximent of the optical head ^)paratus according to the present invention; 
Rgs. 6A arxi 6B are cross-sectional views of a part of the holographic optical element of Rg. 5; 
Rg. 7 is a cross-sectional view of the entire holographic optical element of Rg. 5; 
40 Rg. 8 is a diagram illustrating a secorxi embodiment of the optical head apparatus according to the present inven- 
tion; 

Rg. 9 is a cross-sectional view of the entire holographic optical element of Rg. 8; 

Rgs. 10A. 10B, 11A, 118. 12A, 128. ISAand 138 are diagrams of the interference filter of Rgs. 5 arxi 8; 

Rg. 14 is a detailed diagram of a first example of the module of Rgs. 5 and 8; 
45 Rgs. 15A arxi 158 are enlarged diagrams of the laser diode arxi the photodetector of Rg. 14; 

Rg. 16A ^ an enlarged plan view of the grating of Rg. 14; 

Rg. 168 is an enlarged plan view of the holographic optical element of Rg. 14; 

Rg. 1 7 an enlarged plan view of the photodetector of Rg. 14; 

Rg. 18 is a detailed diagram of a secorxi example of the module of Rgs. 5 arxi 8; 

Rgs. 19 is an enlarged cross-sectional view of the polarizing polographic optical element of Rg. 18; 

Rg. 20 is an enlarged plan view of the polarizing holographic optical element of Rg. 18; 

Rg. 21 is an enlarged plan view of the photodetector of Rg. 18; 

Rg. 22 is a detailed diagram of a third exanrple of the nrxxiule of Rgs. 5 and 8; 

Rg. 23A is an enlarged plan view of ttie polarizing grating of Rg. 22; 
55 Rg. 238 is an ertiarged plan view of the holographic optical element of Rg. 22; 

Rg. 24 is a cross-sectional view of the mforoprism of Rg. 22; 

Rg. 25 is an enlarged plan view of the photodetector of Rg. 22; 

Rg. 26 ^ a dia^am illustrating a third embodiment of the optical head apparatus according to the present invention; 
Fig. 27 is a dagram illustrating a fourth embodiment of the optical head apparatus according to the present inven- 
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tion; 

Rg. 28 is a diagram illustrating a fifth emtxxliment of the optical head apparatus aocording to the present invention; 
Rg. 29A is a plan view of a first example of the aperture limiting element of Rg. 28; 
Rg. 29B is a cross-sectional view taken along the line B-B of Rg. 29A; 
5 Rg. 30A is a plan view of a second example of the aperture limiting element of Ftg. 28; 

Rg. SOB is a cross-sectional view taken along the line B-B of Rg. 30A; 
Rg. 31 A is a plan view of a third example of the aperture limiting element of Rg. 28; 
Rg. 31 B is a cross-sectional view taken along the line B-B of Rg. 31 A; 

Rg. 32 is a diagram illustrating a sixth embodiment of the optical head apparatis according to the present inven-. 
10 tion; 

Rg. 33 is a cross-sectional view of a first example of the aperture limiting holographic optk^al element of -Rg. 32; 
Rg. 34A is a front plan view of the element of Rg. 33; 
Rgs. 34B is a rear plan view of the element of Rg. 33; 

Rg. 35 is a cross-sectional view of a second exanple of the aperture limiting holographic (^Ttical element of Rg. 32; 
15 Rg. 36A is a front plan view of the elemerrt of Rg. 35; and 
Rgs. 36B is a rear plan view of the element of Rg. 35. 

Before the description of the preferred embodiments, prior art optical head apparatises will be explained with ref- 
erence to Rgs. 1 , 2. 3A. 3B and 4. 
20 In Rg. 1 , which illustrates a first prior art optical head apparatus (see: Y Kbmma et al. "Dual "Focus Optical Head 
for 0.6 mm and 1.2 mm Disks", Optical Review, Vol. 1, No 1. pp. 27-29, 1994), reference A designate a high density 
thin disk such as is an atx>ut 0.6 mm thick digital video disk, and B is a kiw density thick disk such as an atx>ut 1 .2 mm 
thick compact disk-recordable (CD-R). Note that only one of the dteks A and B is nxHjnted on the apparatus. 

In Rg. 1 , reference numeral 1 designates a laser diode for emitting a light beam to a half mirror 2, and reference 
25 numeral 3 designates a quadrant photodetector. Provided between the half mirror 2 and the disk A (or B) are a collima- 
tor lens 4, a holographic optical element 5 and an objective lens 6. Also, provided between the half mirror 2 and the pho- 
todetector 3 is a concave lens 7. 

About half of the light beam emitted from the laser diode 1 is reflected at the half mirror 7 and is incident to the col- 
limator lens 4 which gen^ates a collimated light beam. The collimated light beam is incident to the holographic optk;ai 
30 element 5. 

A zeroth order light beam (transmission light beam) of the holographic optical element 5 is incident as a collimated 
light beam to the objective lens 6, and then, is focused on the disk A. A reflected light beam from the disk A is again 
incident via the objective lens 6 to the holographic optical element 5, and is split into a zeroth order light beam (trans- 
mission light beam) and a + let order diffraction light beam at the holographic optical element 5. 
35 On the other hand, a -i- 1 st order diffraction light beam of the holographic optical element 5 is incident as a divergent 
light t>eam to the objective lens 6 and then, is focused on the disk B. A reflected light k>eam from the disk B is again 
iradent via the objective lens 6 to the holographic optk»I element 5. and is split into a zeroth order light t>eam (trans- 
mission light beam) and a + 1st order diffraction light beam at the hok)graphic optical element 5. 

The transmission light beam at the hok)graphic optical element 5 of the reflected light beam from the disk A and the 
40 + 1 st order diffraction light beam at the hok>graphic optical element 5 of the reflected light t^eam from the disk B are Ifk;!- 
dent as collimated light beams to the collimator lens 4. 

Half of the light beam passed through the collimator lens 4 passes through the half mirror 2, and further passes 
through the concave lens 7 to reach the photodetector 3. 

In the photodetector 3, a focusing error signal is detected by an astigmatism method using astigmatsm generated 
45 at the half mirror 2, and a tracking error signal is detected by a pish-pull method. Also, an information signal is detected 
by a sum of the four outputs of the photodetector 3. 

The objective lens 6 has a spherical aberration capable of compensating for a spherical aberratkm caused when 
the outgoing transmission light beam of the objective lens 6 is incident to the cfisk A and returre therefrom. Th^efore, 
the zeroth order light beam (transmission light beam) of the holographic optical element 5 can be focused at the disk A 
50 without at>erratk>ns. On the other hand, the holographic optical element 5 has a spherical aberration capable of com- 
pensating for a sum of a spherical aberration caused when the outgoing + 1st order diffraction light t>eam of the hok>- 
graphic optical element 5 is incident to the disk B and returns therefrom and a spherical aberration off the objective lens 
6 caused when the outgoing + 1st order diffraction light beam of the hok)graphic optical element 5 is incident to the 
objective lens 6 and returns therefrom. Therefore, the + 1st order diffraction light t>eam of the holographic optical ele- 
55 ment 5 can be focused at the disk B without at>errations. 

In Rg. 2, which is a plan view of the holographic optical element 5 of Rg. 1, the holographic optical element 5 
includes concerttric interference fringes. Therefore, the holographic optical element 5<:an compensate for the above- 
described spherical at>erration of the -f 1st order diffraction light beam, and also can^erve as a concave lens for the + 
1st order cfiffraction light beam. As a result, the focal point of tfie + let order drffraction light beam at the disk B is far 
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from the fcx^al point of the transmission light beam at the disk A. so that the distance between the surface of the disk A 
and the objective lens 6 can be atxKit the same as the distance t>etween the surface of the disk B and the objective lens 
6. 

In Rg. 3A. which is a cross-sectional view of the hok>graphic optical element 5 of Rg. 1 . the grating shape is rec- 
5 tangular. and as a result, a spurious - 1st order diffraction light beam as well as the + 1st order diffractk>n light beam is 
generated, and in this case, the intensity of the - 1st order diffraction light beam is about the same as that of the + 1st 
order diffraction light beam. Thus, the efficiency of light is reduced. 

In Rg. 3B, whk;h is also a cross-sectional view of the hok>graphic optical element 5 of Rg. 1 . the grating shape is 
blazed, and as a result, the intensity of the + 1st order diffraction light beam is inaeased while the intensity of the - 1st 
10 order diffractkxi light beam is deaeased. In this case, if the height of the saw-tooth portion is 2h, the refractive index is 
n. arxj the wavelength of the inddent light is X, the transmittance i) o and the diffraction efficiency ti + ^ of -i- 1st order 
diffraction fight are represented by 

n o = (sin^*)/*^ (1) 

IS 

Jl ^i=(sinV(*-n)2 (2) 

where ^ - 2n(n-1)h/X 

If fBn/Z.Ti 0 = ^+1"= 0.405 , so that the efficiency of the going and returning light \sr\ q^-k ^ 0.164 . 
20 Therefore, the amount of light received by the photodetector 3 is only 0. 1 64 times as compared with a conventional opti- 
cal head apparatus, which reduces the S/N ratk> of an information signal. In other words, if the power of the laser diode 
1 is increased to 6.10 times as corrpared with the conventkmal laser diode for a non-dual focus optical head apparatus, 
the photodetector 3 receives light whose amount is the same as the conventional photodetector. Further, in order to 
write the disk A or B» the power of the laser diode 1 has to be further increased; however, it is actually imposs&le to 
25 further increase the power of the laser diode 1. 

Further, in the frst prior art optical head apparatus, the wavelength of the laser diode 1 for the disk A which is. in 
this case, a digital video disk is 635 to 655 nm to otslain a small focused spot. On the otfier hand, the wavelength of the 
laser diode 1 for the disk B which is. in th^ case, a compact d'sk-reoordable (CD-R) using organic dye material has to 
be 785 nm, so that a reflectivity higher that 70% is obtained. If the wavelength of the laser diode 1 is 635 to 655 nm, a 
30 reftectivity of only about 1 0% is ot>tained. so that it is irrposstole to read the CD-R. 

In Fig. 4, which illustrates a second prior art optical head apparatus. A' is a high density disk such as an about 1 .2 
nm thick digital video disK and the disk B is a low density thick disk such as an atXHJt 1 .2 mm thk:k CD-R. Note that one 
of the disks A* and B is mounted on the apparatus. 

In Rg. 4. the hofographic optical element 5 of Rg. 1 is not provided, since the disks A' and B have the same thkdc- 
35 ness. fSfote tfiat the radius of the focused spot at the disk A' or B is generally inversely proportional to the numerical 
aperture (NA) of the objective lens 6 and is proportional to tiie wavelength of the laser diode 1 . 

For the disk A*, in order to decrease the focused spot in response to the high dertsity. tiie numerk:al aperture of the 
objective lens 6 is made large, for exarrple. 0.52 to 0.6. and the wavelength of the laser diode 1 is made small, for exam- 
ple, 635 to 655 nm. 

40 On the other harxi. for the disk B, since the tolerance of the disk tilt has to t>e large, so that it is necessary to sup- 
press the generation of coma caused by the disk tilt the numerical aperture of the objective lens 6 is made smaD, for 
example, 0.45. In addition, the CD-R type disk B is designed so tiiat a reflectivrty of higher than 70% can be obtained 
for a 785 nm wavelength, the wavelength of the laser diode 1 is made about 785 nm. 

Thus, in the optical head apparatus of Rg. 4, two kirxis of numerical apertures are required for the objective lens 6 

45 in order to read the two kinds of disks A* and B; therefore. It is actually impossible for the optical head apparatus of Rg. 
4toread tiie two kinds of d^ks A* and B. 

In Rg. 5. which illi^trates a first embodiment of the present invention, modules 1 1 and 12 and an interference filter 
1 3 are provkJed instead of the laser diode 1 . the half mirror 2, the photodetector 3 and the concave lens 7 of Rg. 1 . Also, 
the hok)graphic optical element 5 and the objective lens 6 of Rg. 1 are vnodWted into a holographic optical element 5* 

so and an objective lens 6\ respectively. 

The module 1 1 irx:ludes a laser diode for a 635 nm wavelength light beam and a photodetector. while the module 
12 irKludes a laser diode for a 785 nm wavelength light beam arxJ a photodetector. The interference filter 13 transmits 
most of the 635 nm wavelength light beam therethrough, while the interference filter 13 reflects most of the 785 nm 
wavelength light beam. 

55 The 635 nm wavelengtii light beam emitted from the laser dfode of tiie module 1 1 passes through the interfererv» 
filter 13 arxl is incident to the collimator lens 4 which generates a collimated light beam . The oolfimated light beam is 
incident to the holographic element S. Thea a zeroth order fight t>eam (transmission light t>eam) of the hdograpNc opti- 
cal element 5* is inckJent as a collimated light t>eam to the objective lens 6' and then, is fbcised on the disk A. A 
reflected light t>eam from the disk A is again incktent via the objective lens 6* to tiie hofographk: optical element 5*. The 
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zeroth order light beam passes through the interference fitter 1 3 to reach the photodetector of the module 11. 

On the other hand, the 785 nm wavelength light t>eam emitted from the laser diode of the nfKXiuIe 1 2 is reflected try 
the interfererwe fitter 13 and is incident to the collimator lens 4 which generates a collimated light beam . The collimated 
light beam is incident to the holographic optical elemertt 5*. Then, a - 1st order diffraction figtit beam of the holographic 
5 optica! element 5* is incident as a divergent light beam to the objective lens 6*. and then, is focused on the disk 6. A 
reflected light beam from the disk B \s again incident via the objective lens 6* to this holographic optical element 5*. The 
- 1 St order diffraction light beam is reflected by the interference f Dter 1 3 and reaches the photodetector of the nrxxiule 1 2. 

In Rg. 5, the objective lens 6* tias a spherical aberration capable of compensating for a spherical abenration caused 
when the 635 nm wavelength outgoing transmission light beam of the objective lens 6* is incident to the disk A arxl 
10 returns therefrom. Therefbre. the zeroth order 635 nm wavelength light beam (transmission light beam) of the holo- 
graphic optical element 5* can be focused at the disk A witiiout aberratiorts. On the other harKI. the holographic optical 
element 5* has a spherical at>erration capable of compensating for a sum of a spherical at>erration caused when the 
785 nm wavelength outgoing - 1 st order cfiffractton Tight beam of the holographic optical element 5* is incident to the disk 
B arKi retums therefrom and a spherical aberration of the objective lens 6* caused when the outgoing - 1st order diffrac- 
15 tion 785 nm wavelengtii light beam of the holographic optical elenrtent 5* is incident to the objective lens 6* and returns 
therefrom. Therefore, the - 1 st order diffraction 785 nm wavelength light beam of the holographic optical element 5' can 
be focused at the dtek B without aberrations. 

Also, ttie holographic optical element 5* includes concentric interference fringes as illustrated in Fig. 2. Therefore, 
the hdbgraphic optical element 5' can compensate for the abcve-descrbed spherical aberration of the • 1st order dif- 
20 fraction 785 nm wavelength light t>eam, arxJ also can serve as a concave lens for the - 1st order diffraction 785 nm 
wavelength light k>eam. As a result the focal point of the - 1st order diffraction light beam at the disk B is far from the 
focal point of the transmission ligtit beam at the disk A. so that the distance between the surface of the disk A and the 
objective lens 6' can be about the same as the distance between the surface of the d^ B and the objective lens 6*. 
In Figs. 6A and 6B, which are cross-sectional views of a part of the holographic optical element 5* of Rg. 5. the grat- 
is ing shape is stairciM. For example, in order to form the holographic optical element 5* of Rg. 6A, a first silicon odde 
layer is deposited on a glass sutistrate 501 , and then a silicon oxide pattern 502 is formed by a photolithography proc- 
ess. Next a second silicon oxide layer is deposited on the silicon oxide pattern 502, and ttien, siFicon oxkle pattens 503 
and 504 are sinruttaneously formed t>y a photolithography process. On the other hand, in order to form the holographic 
optical element 5* of Rg. 6B, a glass substrate 505 is etched by a photolithograpliy process to form a groove 506 within 
30 the glass sukTStrate 505. Next, the glass sut>strate 505 is etched by a photolithograf^ process to form grooves 507 arxl 
508 within the glass sutastrate 505. 

In Rgs. 6A and 6B. if the height of the staircase portion is h/2, the refractive irxJex is n, and the wavelength of the 
incident ligtrt is X, the transmittance i\ q, the diffraction efficiency n ^ ^ of the -i- 1st order diffraction light and the diffrac- 
tion efficiency n . ^ of the - 1st order diffraction Rght are represented by 

35 

n o«cos^(*/2)cos^<*/4) (3) 

11 4- 1 " s«n2(<|>/2) COS^K* - 7c)/4)] (4) 

40 Tl . , = (8/Ti^) Sin ^{<|t/2) cos^K* + n)/4)] <5) 

where <|> = 2Tc(n-1)h/X 

For example, if h = 2.76 \xm arxj n = 1.46, then 

45 <^ s 4n tor A. = 635 nra Therefore, 

n o'l.^ +1 «Oandn -i =0 
As a resuft, the efficiency of the going and returning 635 nm wavelength light is 

so 

1 0 = ^• 

Thus, the S/N ratio of the information signal at the photodetector of the module 1 1 is almost the same as that in the con- 
ventional non-dual fbci^ optical head appratus. This ateo makes it possik)le to write the disk A. 
S5 On the other hand, 

^ = 3.23TC for X = 785 nm. Therefore, 
Ti 0 = 0.0851, 1) + 1 = 0.<^ and ti . ^ o 0.685 
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As a result the effictency of the going and returning 785 nm wavelength light is 

71 . 1 ^ = 0.471 

5 Therelbre. the amount of fight received by the photodetector of the module 12 is 0.471 times as conparedwrth a 

conventional optical head apparatus, so that the S/N ratio of the Information signal is hardly reduced. Alsa rf the power 
of the laser diode of the oKXlule 12 is increased to 2.12 times as compared with the conventional laser diode for a rK>n- 
dual focus optical head apparatus, the photodetector of the module 12 receives light wtiose anxHint is the same as the 
conventional photodetector. Note that it is easy to increase the power of the las^ diode of the module 1 2 at such a level. 

10 Further, the waveler>gth of the laser diode of the nrxxlule 12 for the disk B which is, in tfiis case, a CD-R using 
organic dye material, is 785 nm, so that it is possi)le to write the CD-R. 

In Fig. 7, which is a cross-sectional view of the entire holographic optical element 5* of Fig. 5, refererwe D1 desig- 
nates an effective diameter of the objective lens 6*. In this case, concentric interference fringes are provided only ir^e 
an area having a diameter 02 smaller than the effective diameter D1. Therefore, the 635 nm wavelength light com- 

IS plet^ passes tfvous^ the inside of the area defined by the diameter D 1 . On the other harxJ, 68.8% of the 785 nm wave- 
length light is diffracted as a - 1^ order diffraction light k>y the inside of the area defined by the diameter D2, wtiile the 
785 nm wavelength light completely passes through the inside of the area d^ined by the diameter D2. Note that if a 
focal length f of the objective lens 6 is 2.6 mm and the diameters D1 and D2 are 1 .56 x 2 mm and 1.17x2 nrvn, respec- 
tively, the effective numerical aperture for the 635 nm wavelength light is D1/2f 0.6 , and the effective numerical aper- 

20 ture for the 785 nm wavelength light is D2/2f » 0.45 . 

In Rg. 8, which illustrates a second embodiment of the present invention, the holographic optical element 5* and 
the ot^jecUve lens 6* of Fig. 5 are modified into a holographic optical element 5** and an objective lens 6**, respectively. 

The 635 nm wavelength light beam emitted from the laser diode of the nxxiule 1 1 passes through the interference 
fitter 13 and is incident to the collimator lens 4 which generates a collimated light beam. The collimated light beam is 

25 incident to the holographic optical element 5**. Then, a + 1st order diffraction light beam of the holographic optical ele- 
ment 5** is incident as a convergent light beam to the objective lens 6**, and tfien, is focused on the disk A. A reflected 
light beam from the disk A is again incident via the objective lens 6** to the holographic optical element 5**. The + 1st 
order diffraction light beam passes through the interference fitter 1 3 to reach tfie photodetector of the module 1 1 . 
On the other fiarxj, the 785 nm wavelengtii light beam emitted from the laser diode of the module 12 is reflected by 

30 the interference fitter 13 and is incident to the collimator lens 4 which generates a collimated light beam . The collimated 
ligfit beam is incident to the holographic optical element 5". Then, a zeroth order light beam (transmisskxi light beam) 
of the holographic optical element 5** is incident as a collimated light k>eam to the otsjective lens 6**, and then, is foci^ed 
on the dtek B. A reflected ligtit beam from the disk B is again incident via the objective lens 6" to the hok)^aphic optk^al 
element 5**. The zeroth order light k>6am is reflected by the interference fitter 13 and reaches the photodetector of the 

35 nrKKlule 12. 

In Fig. 8, the objective lens 6" has a sptierical at>erration capable of compensating for a spherical ak>erratk>n caused 
when the 785 nm wavelength outgoirKi transmission light beam of the objective tens 6** is incident to the disk B arxj 
returns therefrom. Therelbre. the zeroth order 785 nm wavelength light beam (transmission light beam) of tiie holo- 
graphic optical element 5** can be focused at the disk B without abenration& On the other hand, the holographic optical 

40 element 5" has a spherical aberration capat)le of compensating for a sum of a spherical atierration caused when the 
635 m wavelength outgoing + 1 st order diffraction light beam of the holographic optical element 5" is incident to the cGsk 
A and returns therefrom and a spherical aberration of the objective lens 6" caused when the outgoing + 1st order dif- 
fraction 635 nm wavelength light beam of the holographic optical element 5" is incident to the objective lens 6** and 
returns therefrom. Therefore, the + 1&t order diffraction 635 nm wavelength light beam of the hok)graphic optical ele- 

45 merrt 5" can be focused at the disk A witiKHit at>errations. 

Also, the holographic optical element 5" includes concentric interference fringes as illustrated in Rg. 2. Therefore, 
the hdographk; optical elemertt ST can compensate for the atx>ve-descrbed sphencal aberration of the let order dif- 
fraction 635 nm wavelength light t>eam. and also can serve as a convex lens tor the + 1st order diffraction 635 nm wave- 
length light beam. As a result, the focal point of the -f let order diffraction light beam at the disk A is near from the focal 

50 point of the trsmsmission light beam at the disk B, so that the d^tance between the surface of the disk A and the objec- 
tive lens 6" can be about the same as the distance between the surface of the dtek B and the objective lens 6**. 

The holograpfvc optical element 5** of Rg. 8 is also illustrated in Rgs. 6A and 6B. For example, in the above-men- 
tioned formulae (3), {4) and (5). if h « 3.45 \im and n=^ .46, then 

55 4 = 57C for X s 635 nm 

Therefore, 

n 0 "0. n ■0.811 arxlTi .i - 0 
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As a result the efficiency of the going and returning 635 nm wavelength Gght is 

n*i^=0.658 

On the other hand, 

<^ o 4.04 TE for A, B 785 nm 

TTierefore, 

r\ 0 =0.95511 =0.002andn .i =0.001 
As a result, the efficiency of the going and returning 785 nm wavelength light is 

Tl 0^=0.990 

Thus, the diffraction efficiency of the + 1st order diffraction light is increased while the diffraction efficiency of the - 
1 St order diffraction light Is decreased. 

Therefore, the amount of light received by the photodetector of the module 1 1 is 0.658 times as compared with a 
conventional optical head apparatus, so that the S/N ratio of the Information signal is hardly reduced. If the power of the 
laser diode of the module 1 1 is increased to 1 .52 times as compared with the conventional laser diode for a rton-dual 
focus optical head apparatus, the photodetector of the nrxxlule 1 1 receives light whose amount is the same as the con- 
ventional photodetector. Note that it is easy to increase the power of the laser diode of the module 11 at such a level. 

Therefore, the S/N ratio of the infbmnation signal at the photodetector of the module 12 is almost the same as that 
in the conventional non-dual focus optical head apparatus. This also makes it possitile to write the cfisk B. 

Further, the wavelengtii of the laser diode of the module 12 for the disk B which is in this case, a -CD-R using 
organic dye material is 785 nm, so that it is possible to read the CD-R. 

In Rg. 9. which is a cross-sectional view of the entire holographic qstical element 5** of Rg: 8 reference D1 desig- 
nates an effective diameter of the objectjvelens 6". In this case, concentric interference fringes are provided on the 
entire area. Also, an interference fitter layer 509 and a phase compensation layer 510 are provided only outside the area 
having diameter D2 smaller tfian th diameter D1. The interference filter layer 509 completely passes the 635 nm wave- 
length light therethrough, while the interference filter laye 509 conrplet^ reflects the 785 nm wavelength light The 
phase compensation laye 510 adjusts a phase difference in between the 635 nm wavelength light passed through the 
interference filter layer 509 and the phase compensation layer 510 and the 635 nm wavelength light passed through the 
air, so that th^ phase difference is thought ck>se to 2tl Therefore, 81 .8% of tiie 635 nm wavelength light is diffracted an 
the + 1st order diffraction light fcyy tiie inside of the area defined by the diameter D1. On the other hand. 99.5% of the^ 
785 nm wavelength light passes through the inside of the area defined by the diameter D2. while the 785 nm wave- 
length light is complet^y reflected by the outside tiie area defined by the diameter D2. Note that, if a focal length f of 
the objective lens 6" is 2.6 mm and the diameters D1 and D2 are 1 .56 x 2 mm and 1.17x2 mm, respectively, the effec- 
tive numerical apature for the 635 nm wavelengtii light is D1/2f = 0.8 and the effective numerical aperture for the 785 
nm wavelength light is D2/2f = 0.45 . 

Note that the phase compensation layer 510 as well as the glass sut>strate 501 can be formed by one glass sut>- 
strate. Also, the staircase portion (502. 503. 504) as well as tiie glass substrate 501 can be formed by one glass 6ut>- 
strate as illustrated in Rg. 6B. 

Further, the holographic optical element 5' or 5" of Rg. 5 or 8 can be formed directiy on tiie objective lens 6' or 6" 
of Rga 5 or 8. 

In Rgs. 10A and 10B, which are cross-sectional views of an example of the int^erence filter 13 of Figs. 5 and 8, 
a dielectric multilayer film 131 is sandwiched by two glass blocks 132 and 133. As illustrated in Fig. 10A, tiie S35 nm 
wavelength light is incident at an angle of 45 to the dielectric multilayer film 1 31 and completely passes therethrough. 
On the other hand, as illustrated in Rg. 10B, the 785 nm wavelengtii light is incident at an angle of 45*" to the dielectric 
multilayer film 131 arxj is completely reflected thereby. 

In Rgs. 1 1 A and 1 1 B, which are cross-sectional views of another example of the interfa'ence filter 1 3 of 'Rgs. 5 arxj 
8. dielectric multilayers 1 34 amd 1 35 are sandwiched by three glass blocks 1 36, 1 37 and 1 38. As illustrated in Rg. 1 1 A, 
the 635 nm wavelength light is incident at an angle of 22.5^ to the dielectric multilayer film 135 arxl completely passes 
therethrough. On the other hand, a illustrated in Rg. 1 1 B. the 785 nm wavelength light is incident at an angle of 22.5*^ 
to the dielectric multilayer films 134 and 135 and is completely reflected thereby. 

If the wavelength of tiie laser diode of the module 1 1 of Rgs. 5 and 8 is 785 nm and the wavelength of the laser 
diode of the nruxiule 12 of Rga 5 and 8 is 635 nm, tiie elements 131 through 138 of the interference fOter 13 of Rgs. 
10A and 10B are modified. In th^ case, the 785 nm wavelength light completely passes through tiie interference filter 
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13, while the 635 nm wavelength light is completely reflected by the interference filter 13 as shown in Figs. 12A and 
13B. 

Note ttet, if the polarization direction of the outgoing light of the laser diode is the same as that of reflected light 
from the disk A or B, a polarizing beam splitter can t^e used instead of the interference ftlter 13. For example, the 635 
nm wavelength fight is incident as a P polarization light to the polarizing beam spfitter. so that the 635 nm wavelength 
light completely passes therethrough. On the other harxi. the 785 nm wavelength light is incident as an S polarization 
light to the polarizing beam splitter, so that the 785 nm wavelength Dght is completely reflected thereby. 

A first example of the module 11(12) of Figs. 5 and 8 is explained next witii reference to Rg& 14, 15A, 15B, 16A. 
16B and 1 7. This module is suitable for a read-only disk. 

In Fig. 14, the module 11(12) includes a package 1401 containing a laser diode 1402 and a p ho todetector 1403. 
Also, provided on a window of the package 1401 are grating 1404, a spacer 1405 and a holographic optical element 
1406. Note that each of the grating 1404 ard the holographic optical element 1406 tB formed tjsy patterning silicon oxide 
on a glass substiate. 

An outgoing light beam from the laser diode 1402 split into a zeroth order light beam, (transm^on light beam) 
a + 1st order diffraction light t>6am and a - 1st order diffractk>n light k>eam at the grating 1404. Then, about 50% of each 
of the transmission light beam, the + 1st order diffraction light beam arKi the - let order diffraction li^ beam passes 
through the hok)graphic optical element 1406. 

About 40% of an irKoming light beam from the dek A or B is split into a + let order diffraction light beam arxi a - 
1st order diffraction light beam at the holograpNc optical element 1406. The + 1st order diffraction fight beam and the - 
1st order diffraction light beam are incident to the photodetector 1403. 

In Fig. 15A. which is an enlarged diagram of the laser dkxje 1402 and the photodetector 1403 of Rg. 14. the laser 
dkxie 1402 is mounted via a heat sink 1501 on the photodetector 1403. Also, a mirror 1502 is mounted on the photo- 
detector 1403. Therefore, a light beam is emitted from the skJe of the laser dkxie 1402 and is reflected by tiie mirror 
1502. so that the light beam outgoes upward. 

In Fig. 15B, whrch is also an enlarged diagram of the laser diode 1402 and the photodetector 1403 of Fig. 14. the 
laser diode 1402 is nfK>unted in a recess 1403a of the photodetector 1403. Also, a mirror 1403b ts formed by etching the 
photodetector 1 403. Therefore, a light beam is emitted from the side of the laser diode 1 402 and is reflected by the mir- 
ror 1403b. so tfiat the light t>eam outgoes upward. 

In Fig. 1 6A. which is a plan view of the grating 1 404 of Rg. 1 4. linear interferertce fringes are formed only on a cen- 
tral portion 1 404a of the grating 1 404. The outgoing fight beam from the laser diode 1 402 passes through an area inside 
the central portion 1 404a. while the incoming light beam from the disk A or B passes through an area outside the central 
portion 1404a. 

In Fig. 16B, which is a plan view of the hok>gr^hic optical element 1406 of Rg. 14. offaxial corKerrtric interference 
fringes are fbmned on the entire surface. As a result the holographic optical element 1 406 serves as a convex lens for 
tfie + 1st order diffraction fight, and serves as a concave lens for the - 1st order diffractian light 

In Rg. 17. which is an enlarged plan view of the photodetector 1407 of Fig. 14. reference numerals 1701 through 
1710 designate photodetecting portions, and 171 1 through 1716 designate beam spots. In this case, when the holo- 
graphic optical element 1406 receives the outgoing zeroth order (transmission) light t>eam from the grating 1404. tiie 
inconrting + 1st order diffraction fight beam from the holographic optical element 1406 forms the beam spot 171 1 . and 
the incoming • 1st order diffraction light beam from the holographic optical element 1406 forms the beam spot 1712. 
Also, when the holographic optical element 1406 receives the outgoing + 1st order light beam from the grating 1404, 
the incoming ± l8t order diffraction light beams from the hok>graphic optical element 1406 form the t^eam spots 1713 
arxi 1714. Further, when the holographic optical element 1406 receives the outgoing - Ist order diffraction light beam 
from the grating 1404. the incoming ± 1st order diffraction fight beams from the holographic optical element 1406 form 
the beam spots 1715 and 1716. 

The photodetecting portk>n8 1701, 1702, 1703. 1707 arxi 1709 are located atthebackwardward of the focal points, 
while the photc/elector conversion portions 1704. 1705, 1706, 1708 arxd 1710 are kx:ated at the forward of the focal 
points. 

In the photodetector 1403. a focusing error signal Vf is calculated by using a krxswn spot size method: 
» V (1701) + V (1703) + V (1705) - V (1702) - V (1704) - V (1706) 
Also, a tracking error signal V t is cak^ulated by using a krxTwn 3-beam method: 

V, = V (1707) + V (1708) - V (1709) - V (1710) 
Further, an information signal V ^ is calculated by 

V, - V (1701) + V (1702) + V (1703) + V (1704) + V (1705) + V (1706) 
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Here, V (1701). V (1702), • • V(1710) are outputs of the photodetecting portions 1701, 1702, • • - . 1710, respec- 
tively. 

A second example of the module 1 1(12) of Figs. 5 ami 8 is explained next with reference to Figs. 18. 19. 20 and 
21 . This nrxxtule is suitable for a write-once type disk or a rewritable F^iase change cfisk. 
5 In Rg. 18, the nrvxlule 11(12) includes a package 1801 containing a laser diode 1802 and a photodetector 1803. 

Also. prcfMe6 on a window of the package 1001 are polarizing holographic optical element 1804 and a quarter wave 
plate 1805. 

An ordinary light beam completely passes through the polarizing holographic optical element 1804, while an 
extraordinary fight beam s completely diffracted by the polarizing holographic optical element 1 804. Ther^ore, the out- 

10 going light fc>eam from the laser diode 1 802 is incident to the polarizing holographic optical element 1804 as the ordinary 
light and conpletety passes therethrough, and then, the quarter wave plate 1 805 converts a lineariy polarizing light -to- 
a circularly polarizing light The circularly polarizing fight is incident to the disk A or B. Conversely, the quarter wave 
plate 1 805 converts a circulariy polarizing light -to- a fineariy polarizing fig^, and then, the incoming fight beam from the 
disk A or B is incident to the polarizing holographic optical element 1804 as an extraotdinary fight is completely dif- 

15 fracted thereby. As a result, about 80% of tiie at>nomrial light is cfiffracted as ± 1 st order diffraction light and is received 
by the photodetector 1803. 

As illustrated in Fig. 19, which a cross-sectional view of the polarizing holographic element 1804 of Fig. 18, the 
polarizing holographic optk^al element 1804 includes a lithium niobate sut>strate 1901 having a birefringent character- 
istics and a proton exchanged region 1902 arxj a phase compensation film 1903 on the sut>strate 1901. 
20 Also, as illustrated in Rg. 20, which is a plan view of the polarizing holographic optical elem^ 1804, interference 
fringes are split into four regions 2001 , 2002, 2003 and 2004. Note that an optic axis 2005 is perpeixGcular to the direc- 
tion of polarization of the outgoing tight beam of the laser diode 1802. 

Also, the laser diode 1802 is mounted on the photodetector 1803 in the same way as shown in Fig. 15A or 156. 
In Rg. 21, which is an enlarged plan view of the photodetector 1803 of Rg. 18. reference numerals 2101 through 
25 21 08 designate photodetecting portions, arxl 2111 through 21 1 8 designate beam spots. The + 1st order diffraction light 
beam from the region 2001 forms the beam spot 21 1 1. and the -1st order diffraction light beam from the area 2001 
forms the beam spot 21 15. Also, the + Ist order diffraction light beam from the area 2002 forms the beam spot 21 12. 
and the - 1st order diffraction light beam from the area 2002 forms the beam spot 21 16. Further, the ± 1st order d'rffrac- 
tion ligfTt beams from the region 2003 form the beam spots 21 13 and 2117, and the ± 1st order diffraction fight beams 
30 from the region 2004 form the beam spots 21 14 and 21 18. 

In the photodetector 1803, a focus error signal Vf is calculated by using a known Foucauft method: 

= V (2101) + V (2104) - V (2102) - V (2103) 

35 Also, a track error signal V| is calculated by using a known push-pull method: 

V, =V<2105)-V(2106) 

Further, an information signal is calculated by 

40 

V, oV (2107) + V (2108) 

Here. V (2101). V (2102), • • • . V (2108) are outputs of the photodetecting portions 2101 , 2102, • • • , 2108. respec- 
tively. 

45 A tilird example of the nKxJule 1 1 (1 2) of Rgs. 5 and 8 is explained next with reference to Figs. 22, 23A. 23B 24 and 
25. This module is suitakjie for a rewritatale magneto-optical disk. 

In Rg. 22, the module 1 1(12) includes a package 2201 containing a laser diode 2202,.a photodetector 2203, and 
microprisms 2204 and 2205. Also, provided on a window of the package 2201 are a holographic optical element 2206. 
a spacer 2207 and a polarizing grating 2208. 

so The polarizing grating 2208 has the same configuration as the polarizing homographic optk»l element 1804 of 
R^. 1 8, 1 9 and 20. That is, an ordinary light beam partly passes through the polarizing holographk; grating 2208, while 
an extraordinary light beam is completely diffracted by the polarizing grating 2208. Therefore, about 80 % of the outgo- 
ing light beam from the laser diode 2202 passes through the holographic optical element 2206, to reach the polarizing 
grating 2208 as the ordinary light Then, about 90% of the light passes through the polarizing grating 2208 to reach the 

55 disk A or B. Cksnversely, about 8% of tiie ordinary component and about 80% of the exta-aordinary component of the light 
reflected by the disk A or B are diffracted by the polarizing grating as the ± Ist order diffraction light Then, the + 1st 
order diffraction light is received via the nticroprism 2204 by the photodetector 2203, and the - 1 st order diffraction light 
is received via the microprism 2205 t>y the photodetector 2203. Also, atx>ut 20% of the ordinary compon^ of the light 
reflected by the disk A or B passes through the pdarizing grating 2208, to reach the hok)graphic optical element-2506. 
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Then, about 1 0 % of the light is diffracted as the ± 1 st order diffraction light and is received by the photodetector 2203. 

In Fig. 23A. which is a plan view of the polarizing grating 2208 of Fig. 22. an optid oxis 2301 is perpeixScular to the 
direction of polarization of the outgoing light beam of the laser diode 2202. 

In Fig. 23B, which is a plan view of the holographic optical element 2206 of Fig. 22. interfererK:e fringes are formed 
5 only on a central portion of the holographic optical element 2206. Also, the interferer>ce fringes are split into four region 
2302. 2303, 2304 and 2305. 

The tight reflected bf the disk A or B is incident to the polarizing grating 2208 which generates a zeroth order (trans- 
mission) fight beam and ± let order diffraction light t>eam. Then, the transmission light beam passes through the area 
inside the interference fringe regions 2302 to 2305. while the ± 1 st order diffraction Tight t>eam passes through ttie area 
10 outside of the interference fringe regions 2302 to 2305. 

In Rg. 238, rKte that the interference fringes in the regions 2302 arxj 2303 have an offaxial concentric pattern. As 
a result the areas 2302 and 2303 serve as a convex lens for the + 1st order diffraction light arxi serve as a concave 
lean for the - let order diffraction light 

In Rg. 24. which is a cross-sectional view of the m'croprism 2204 (2205) of Rg, 22. three glass t}locks 2401 , 2402 
IS and 2403 are adhered by two dielectric multilayer flims 2404 and 2405. As a result, a P polarization componerrt of an 
incident light beam 2206 completely passes through the dielectric multilayer film 2408. so that a transmission fight becun 

2207 is obtained. On tfie other hand, an S polarization component of the incident light beam 2206 is completely 
reflected twice the dielectric multilayer films 2405 arxi 2404, so that a reflection light beam 2208 is ok>tained. 

In Rg. 25. wfiich is an enlarged plan view of the photodetector 2203 of Fig. 22. reference numerals 2501 through 
20 2514 designate photodetecting portions, and 2521 through 2532 designate k>eam spots. 

The + 1st order diffraction lig^ beam from the polarizing grating 2208 is spirt at the mtcroprism 2204 into a trans- 
mission light beam and a reflection light beam, so that the transmission light beam forms the beam spot 2521 ard the 
reflection fight beam forms the beam spot 2522. Also, the - 1st order diffraction fight beam from the polarizing grating 

2208 is split at the microprism 2205 into a transmission light beam arxj a reflection light beam, so tiiat the transmission 
25 light beam forms the beam spot 2523 and the reflection light beam forms the beam spot 2524. 

On the other fiand. the + 1 st order diffraction light beam from the regions 2302 and 2303 of the holographic optical 
element 2206 form the beam spots 2525 arxJ 2526, and the - 1 st order diffraction light beam from the regions 2302 and 
2303 of tiie fK>lographic optical element 2206 form the beam spots 2527 and 2528. Note that the photodetecting por- 
tions 2505. 2506 and 2507 are located at the backward of the focal points, while the pohto/^ectro conversion portions 
30 2508. 2509 arvj 2510 are located at the forwEird of the focal points. 

Further, the ± 1st order diffraction fight bearr^ from tiie region 2304 of the holographic optical element 2206 form 
the t>eam spots 2529 and 2531 . arxJ the ± 1 st order diffraction light beams from the area 2305 of the fx>lographic optical 
element 2206 form tfie t>eam spots 2530 and 2532. 

In the photodetector 2203. a focusing error signal Vf is calculated by using a known spot size method: 

35 

V| = V (2505) + V (2507) + V (2509) - V (2506) - V(2508) - V (2510) 
Also, a tracking error signal V , is cateulated by using a krx>wn pusfY-puH method: 
40 = V (251 1) + V (2514) - V (2512) - V (2513) 

Further, an irrformation signal Vj is calculated by 

V, - V (2501) + V (2503) - V (2502) - V (2504) 

45 

Here. V (2501), V (2505). .V (2514) are outputs of the photodetecting portions 2501 . 2505. • • • . 2514. respec- 
tively. 

In Rg. 26, which illustrates a third embodiment of the present invention, a laser diode 1 V for a 635 nm wavelength 
Itgfit beam ts provided instead of the nxxiule 1 1 of Fig. 5. and the interference filter 1 3 of Fig. 5 is nxxff led into an inter- 

50 ference f Oter 1 3*. Also, a quarter wave plate 2601 is added to the elements of the apparatus of Fig. 5. A 635 nm wave- 
lengtii P polarization fight beam completely passes through the interference fitter 13*. while a 635 nm wavelength S 
polarization fight beam arxJ a 785 nm wavelength light beam are completely reflected by the interfereru^e fitter 13*. Also, 
the quarter waive plate 2601 rs optimized for the 635 nm wavelength light beam. 

The 635 nm wavelength fight beam emitted from the laser cfiode 1 1 * completely passes through the interfererx^e fD- 

55 ter 13* as a P polarization light beam and is incident to the collimator lens 4 which generates a cdfimated light beam . 
Then, the quarter wave plate 2601 converts a lineariy polarizing light-to-drculariy polarizing fight. Then, the drcularly 
polarizing fight is incident to tiie holographic optical element 5*. Then, the transmission fight t>eam of the holographic 
optical element S is irYddent to the objective lens 6*. and then, is focused at tiie disk A. A reflected ligfrt fc^am from the 
disk A is again incident via the objective lens 6* to the fiolognaphic optical element 5* arxj passes therethrough. Then. 
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the quarter wave plate 2601 converts a circularly polarizing light-to- alinearly polarizing light The output of the quarter 
wave plate 2601 is incident as a collimated light beam to the collimator lens 4. The trartsmteion light beam of the col- 
limator lens 4 is incident as an S polarization light beam to the interference filter 1 3*. Thus, the S polarization light beam 
is completely reflected by the interference filter 13* arxl is received by the photodetector of the module 12. 

5 On the other harxi, the 785 nm wavelength light beam emitted from the laser diode of the rrxxJule 12 is completely 

reflected by the interference filter 13* and is incident to the collinrator lens 4 which generates a collimated light beam. 
Then, the quarter wave plate 2601 converts a line£uiy polarizing light-to-elliptically polarizing light. Then, the elliptically 
polarizing light is incident to the holographic optical element 5*. Then, the-1st order diffraction light beam of the holo- 
graphic optical element 5* is irx^Jent as a divergent light beam to the objective lens 6*. and then, is focused at the disk 

10 B. A reflected ligfrt beam from the disk B is again incident via the objective lens 6* to the holographic optical element S 
and is diffracted ther^. Then, the 1/4 interference filter 2601 converts an elliptically polarizing fight-to-el!iptically polar- 
izing light. The output of the quarter wave plate 2601 is incident as a coliimated light beam to the colfimator lens 4. The 
transmission fight beam of the collimator lens 4 is incident to the interference fOt^ 13\ and is completely reflected by 
the interference filter 1 3*. Thus, the light is received by the photodetector of the nrxxlule 12. 

IS In Rg. 27, which illustrates a fourth enrrixxliment of the present invention, a laser diode 1 2* for a 785 nm wavelength 
light beam provided instead of the module 12 of Fig. 5. and the interference fitter 13 of Rg. 5 is modified into an inter- 
ference filter 13^ Also, a quarter wave plate 2701 is added to the elements of the apparatus of Rg. 5. A-635 nm light 
beam and a 785 nm wavelength P polarization light beam completely passes through the interference fDter 13", white 
a 785 nm wavelength S polarization light beam is completely reflected by the interference fitter 13". Also, the quarter 

20 wave plate 2701 is optimized for the 785 nm wavelength light beam. 

The 635 nm wavelength light beam emitted from the laser diode of the module 1 1 completely passes through the 
irrterference fflter 13** and is incident to the collimator lens 4 which generates a collimated light beara Thea the quarter 
wsn^e plate 2701 converts a linearly polarizing light-to-elliptically polarizing light Then, the elliptically polarizing light is 
incident to the holographic optical element 5*. Then, the transmission light beam of the holographic optical dement 5* \s 

25 incident to the objective lens B\ and then, is focused at the disk A. A reflected light t>eam from the disk A is again ind- 
derrt via the objective lerts 6* to the holographic optical element 5*. Then, the quarter wave plate 2701 converts an elfip- 
tically polarizing light-to-lineariy polarizing light The output of the quarter wave plate 2701 is incident as a collimated 
light beam to the collimator lens 4. The transmission light beam of the collimator \evs 4 Is incident to the interference 
fitter 13**, and then, conrpletely passes through the interference fitter 1 3**. Thus, the tight is received by the photodetector 

30 of the module 1 1 . 

On the other hand, the 785 nm wavelength light beam emitted from the laser dkxJe 12* is reflected by the interfer- 
ence filtOT 13** as an S polarization ligtit beam and is incident to the collimator lens 4 which generates a collimated light 
beam. The quarter wave plate 2701 converts a linearty polarizing light-to-drcularty polarizing light Then, the drculariy 
polarizing light is incident to the holographic optk^al element 5*. Then, the-lst order drffractton light beam of the holo- 

3$ graphic optical element 5* is incklent as a divergent light beam to the objective lens 6*. and then, is focused at the disk 
B. A reflected light t>eam from the disk B is again incident via the objective lens 6* to the holographic optical element 5' 
and is diffracted thereby. Then, the quarter wave plate 2701 converts a drculariy polarizing light-to-lineariy polarizing 
light The output of the quarter wave plate 2701 is incident as a collimated light beam to the collimator lens 4. The tram- 
mission light beam of the collimator lens 4 is inddent as a P polarization light beam to the interference filter 13". Thus, 

40 the P polarization light beam completely passes through the interference fSter 13" and is received by the photodetector 
of the module 11. 

Although the tftird and fourth embocfiments are modifications of the first emtxxJiment, the same nrxxlifications can 
be made in the second embodiment 

In Rg. 28, which illustrates a fifth embodiment of the present invention, an aperture limiting element 2801 is pro- 
45 vided instead of the holographic optical element 5* of Rg. 5. In this case, there are prepared two types of disks, a high 
density thick disk A* and a low density thick disk B having the same thickness as illustrated in Fig. 4. 

A 635 nm wavelength light beam emitted from the laser dode of the module 1 1 completely passes through the 
interference filter 1 3 arxi is inddent to the collimator lens 4 which generates a collimated light t>eam- The collimated light 
beam passes through the entire aperture limiting element 2801 to reach the objective lens 6. Then, the light beam 
60 passes through the objective lens 6 and is focused at the disk A*. A reflected light beam from the disk A* is again inddent 
via the objective lens 6 to the aperture limiting element 2801 . Then, the light beam passes through the aperture lintiting 
element 2801 and the collimator lens 4 to reach the interference filter 13. Further, the light t>eam completely passes 
through the interference filter 13 and is received by the photodetector of the module 1 1 . 

Thus, an effective numerical aperture for the 635 nm wavelength light t)eam is dependent upon the diameter and 
55 focal length of the objective lens 6. 

On the other hand, a 785 nm wavelength light beam emitted from tiie laser diode of the nrKxfule 12 is completely 
reflected by the interference filter 13 and is inddent to the collimator lens 4 which generates a collimated light beam. 
The coiiimated light beam passes through only a central portion of the aperture limiting element 2801 to reach the 
objective lens 6. Then, the ligfit beam passes through the c^jective lens 6 and is focused at the disk B. A reflected light 
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beam from the disk B is again incident via the otsjective lens 6 to the aperture linrnting element 2801 . Then, the light 
beam passes tfvou£^ only the central portion of the aperture limiting element 2801 and the collimator lens 4 to reach 
the interference filter 13. Further, the light beam is completely reflected by the interference fBter 13 and is received by 
the photodetector cf the module 12. 
5 Thus, an effective mumencal aperture for the 785 nm wavelength light beam is dependent upon the diameter of the 

effective central portion of the aperture limiting element 2801 arxj the focal length of the objective lens 6. 

Fig. 29A is a plan view of a first example of the aperture limiting elenr>errt 2801 of Fig. 28, and Fig. 29B is a cross- 
sectional view taken €Uong the line B-B of Fig. 29A. Reference numeral 2901 designates a glass substrate on whi(^ an 
interf^ence fitter layer 2902 and a phase compensation layer 2903 are formed. Aisd an aperture 2904 is perforated in 
10 the interference filter layer 2902 and the pfiase compensatk>n layer 2903. In this case, a diameter D2 of the aperture 
2904 is smaller than an effective diameter D1 of the objective lens 6. The interference filter layer 2902 conipletely 
passes the 635 nm wavelength light therethrou^, while the interference fitter layer 2902 completely reflects the 785 nm 
wavelength light thereby. The phase compensation layer 2903 acfjusts a phase difference between the 635 nm wave- 
length light through the interference fOter layer 2902 and the phase compensation layer 2903 euid the 635 rvn wave- 
rs length light passed through the air so that tNs F)hase difference is t>rought close to 27l That ^ in the outside of the 
aperture 2904, the 635 nm wavelength light completely passes through the aperture limiting elenient 2801 , and the 785 
nm wavelength light is completely reflected by the aperture limiting element 2801. On the other hand, in the inside of 
the aperture 2904, both the 635 nm wavelengtii light and the 785 nm wavelength light completely pass through the 
aperture limiting element 2801. 
20 The interference filter layer 2902 can be formed t>y an alternately stacked configuration of an odd number of high 
refractive index layers made of T1O2, for example, and an even numt>er of low refractive index layers made ctf Si02. for 
exampla In order to obtain a high wavelength selection characteristics, the following formulae shouki be satisfied: 

n^ 'd^^n^ • 62 = ^4 

25 

where 

ni 'tsa refractive index of the high refractive index layer; 
na m a refractive index of the lew refractive index layer; 
30 d^ a thk^kness of the high refractive index layer; 

d2 is a thickness of the kyw refractive index layer; and 

Xis785nm. 

35 For example, if the Ngh refractive index layers are made of TiOg and the low refractive index layers are made of 
Si02. n^ « 2.30 and 1.46, so that di « 85 nm and d2 «> 134 nm. 
The phase compensation layer 2903 can be made of Si02. 

Fig. 30A is a plan view of a second example of the aperture limiting element 2801 of Rg. 28. and Fig. 30B is a 
cross-sectional view taken along the line B-B of Fig. 30A. Reference numeral 3001 designates a glass substrate on 

40 which a grating 3002 is formed. Alsa an aperture 3003 is perforated in the grating 3002. In this case, a diameter D2 of 
the aperture 3003 is smaller than the effective dianrteter D1 of the otsjective lens 6. The grating 3002 completely passes 
the 635 nm wavelength light therettirough. while the grating 3002 almost completely diffracts the 785 nm wavelengtii 
light thereby. That te, in the outside of the aperture 3003, the 635 nm wavelength light completely passed through the 
aperture limiting element 2801 . and the 785 nm wavelength light is almost completely reflected by the aperture linrvting 

45 element 2801 . On tiie other hand, in the inside of the operture 3303. both the 635 nm wavelength light arxl the 785 nm 
wavelengtii light completely pass through the aperture limiting element 2801. 

The pattern of the grating 3002 can be formed by etching the glass substrate 3001 or depositing silicon oxide on 
the glass SLi>strate 3001. If the height and the refractive irxiex of the grating 3002 are given by h and n. respectively, 
the transnrdttance is represented by 

so 

cos^(*/2) 

where # = 2Tc{n-1)h/X. If h = 4.14 jim and n = 1.46, 
then 

55 ^ s 67c for >. s 635 nm. Therefore, the transmittance is 100 %. On the other harvi, 

^ s 4.85n for X s 785 nm. Therefore, the transmittance is 5.4 %. 
Rg. 31 A is a plan view of a third example of the aperture fiinting element 2801 of Fig. 28. and Fig. 31B is a cross- 
sectional view taken atong the line B-B of Fig. 31 A. Reference numeral 3101 designates a glass sitetrate on wfiich a 
grating 3102. an interference filter layer 3103 are formed. Also, reference rumeral 3104 designates a glass substrate 
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on which a phase compensation layer 3108 is formed. The glass substrates 3101 and 3104 are adhered by adhestves 
3106. Also, an aperture 3107 is perforated in the grating 3102, the interference fitter layer 3103 and the phase compen- 
sation layer 3105. In this case, a diameter D2 of the interference 3107 is smaller than an effective diameter D1 of the 
objective lens 6. The interference fitter layer 3103 cornpletely passes the 635 nm wavelength light therethrough, while 
the interference fQter layer 3103 completely reflects the 785 nm wavelength light thereby. The phase compensation 
layer 3105 adjusts a phase difference between the 635 nm wavelength lieht passed through the grating 3102. the inter- 
ference fitter layer 3103 and the phase conrpensation layer 3105 arxi the 635 nm wavelength light passed through the 
adhesives 31 06 and the air, so that this phase difference is brought close to 2nL 

Ttiat is, in the outside of the aperture 3107, the 635 nm wavelength light complet^y passes through the aperture 
limiting element 2801. and the 785 nm wavelength ligtit is completely reflected by the aperture limiting element 2801. 
On the other hand, in the inskie of the aperture 3107, both the 635 nm wavelength light and the 785 nm wavelength 
light conrptetely pass thrcxigh the aperture limiting element 2801 . 

The pattem of the grating 3102 can be formed by etching the glass substrate 3101 or depositing silicon oxide on 
the glass suk>strate 3101 . Tlie grating 3102 does not operate for the light beam which passes through the interference 
fitter 3103. while it does operate for the reflected light beam which is reflected by the interference filter film 3103. The 
interference fringes of the grating 3102 can be concentric circular as well as concentrically linear, tf the height and 
refractive index of the grating 3102 are giv^ tsy h and n. respectively, the reflectance is represented by 

cos^ («|>/2) 

where 4> = 4Tcn h/X. If h = 134 nm and n s= 1.46, then 

<|> = n for X 785 nm. Therefore, the r^lectance is 0 %, which means that the 785 mm wavelength light is com- 
pletely reflected t>y the grating 3102. 

The interference fitter layer 3103 can be formed by an alternate stacked configuration of an odd number of high 
refractive index l^ers and an even number of low refractive index layers in the same way as the interference filter layer 
2902 of Fig. 29B. 

The phase conrpensation layer 31 05 can t>e made of silicon oxide. Also, the adhesives 31 06 has approximately the 
same refractive irxiex as the grating 3102. 

In Figs 29A. 29B, 30A, 308, 31 A and 31 B, if f is the focal length of the objective lens 6. the numerical aperture for 
the 635 nm wavelength light is given by D^/2^ and the numerical aperture for the 785 nm wavel&igth ligtit is given by 
D2/2f. For example, f s 3 mm, D1 = 1.56 • 2 mm and D2 s 1 .35 * 2mm, then. D1/2fo0.52 and D2^ = 0.45 . There- 
fore, it is possible to read a digital video disk by using the 635 nm wavelength light beam and the objective lens means 
(6, 2801) having the numerical aperture of 0.52. Also, it is possible to read a compact disk including a CD-R by using 
the 785 nm wavelength light beam and the objective lens means (6, 2801) having the numerical aperture of 0.45. 

Further, in Rg. 28, it is possible to form the aperture limiting element 2801 directly on the objective lens 6. 

In Rg. 32, which illustrates a sixth embodiment of the present invention, reference A designates a high density thin 
disk. A' designates a high density thick disk and B designates a low density thick disk. That is, the sixth eml3odiment as 
illustrated in Rg. 32 corresponcte to a conisination of the secorvi emtxxiimerTt as illustrated in Rg. 8 andi the fifth embod- 
iment SIS illustrated in Rg. 28. Therefore, in Rg. 32, the holographic optical elem^ 5" of Rg. 8 and the aperture limiting 
element 2801 of Rg. 28 are combined into an aperture limiting hiolographic optical element 3201. 

The 635 nm wavelength light beam emitted from the laser diode of the nrKxiule 1 1 passes through the interference 
fitt^ 13 and is incident to the collimator lens 4 which generates a oollimated ligfit beam. The collimated light beam is 
incident to the aperture limiting holographic optical element 3201. In this case, the light beam from the collimator lens 
4 passes through the entire aperture limiting holographic optical element 3201 . so that the numerical aperture for this 
light beam Is large. Alsa the aperture limiting holographs optical element 3201 generates a zeroth order (transmission) 
light beam and a + 1 st order diffraction light beam. The + 1 st order diffraction liglrt beam is irx»dent as a convergent light 
beam to the objective lens 6", and then, is focused on the disk A. Also, tfie transmission ligttt beam is incident as a ool- 
limated ligtit beam to the objective lens 6', and then, is focused on the disk A*. A reflected ligtit k>eam from tlie disk A or 
A* is again incident via the objective lens 6" to ttie aperture limiting holographic optical element 3201 and is split into a 
zeroth order (transmission) light beam arxi a + 1st order diffraction light beam at the aperture limiting holographic opti- 
cal element 3201. The -i- 1st order diffraction light beam from tiie d^ A and the transmission ligtit k>eam from the disk 
A* passes ttvough the interference f Dter 1 3 to reach the photodetector of the module 11. 

On the other hand, the 785 nm wavelength light beam emitted from tiie laser diode of the module 12 is reflected by 
the interference fitter 13 and is incident to the coliimator lens 4 which generates a collimated ligtit beam. The collimated 
ligtit t>eam is incident to the aperture limiting holographic optical elonent 3201 . In this case, the light beam from tiie col- 
limator lens 4 passes ttirough only a central portion of the aperture limiting tiolographic optical element 3201, so that 
the numerical aperture for this light beam is small. A zeroth cyder (transmission) light beam of the aperture limiting holo- 
graphic optical element 3201 is incident as a collimated light beam to tiie objective lensB**, and then, is focused on the 
disk B. A reflected ligtit beam from the disk B is again incident via the objective lens 6** to the aperture limiting hdo- 
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graphic optical element 3201. TTie zeroth order (transmission) light t>eam of the aperture limiting holographical optical 
element 3201 is reflected by the Interference fiter 13 and reaches the photodetector of the nrxxiule 12. 

In Rg. 32. the objective lens 6" has a spherical aberration capatsle of compensating for a spherical aberration 
caused when the outgoing transmission light beam of the objective lens 6" Is incident to the disk A* or B and retums 

5 therefrom. Therefore, the zeroth order (transmission) light beam of the aperture limiting holographic optical element 
3201 can be focused at the disk A* or B without aberrattons. On the other hand, the aperture limiting hok>graphtc optical 
element 3201 has a spherk;al aberration capat)le of compensating for a sum of a spherical aberration caused when the 
635 nm wavelength outgoing + 1st order diffraction light beam of the aperture limiting holographic optical element 3201 
is incident to the disk A arxi returns therefrom and a spherical at>erration of the objective lens 6** caused when the out- 

10 going + 1st order diffraction 635 nm wavelengtii light beam of the aperture limiting holographic optical element 3201 is 
incident to the objective lens 6" and retums tiierefrom. Therefore, the + 1st order cOffraction 635 mn wavelengtii light 
beam of the ap^iure limiting holographic optical element 3201 can be focused at the disk A without aberrations. 

Rg. 33 is a cross-sectional view of a first example of the aperture limiting holographic optical element 3201 of Rg. 
32. and Rgs. 34A and 34B are a front plan view and a rear plan view of the aperture limiting holographic optical element 

75 3201 Of Rg. 33. 

As illustrated in Rgs. 33 and 34A. a hologram 3302 is formed on a glass substrate 3301. That is. saw-tooth con- 
centric interference fringes 3302a are provided inskJe the area having a diameter D2 smaller than the effective diameter 
D1 of the ot3jective lens 6". and rectangular concentric interference fringes 3302b are provided outside the area having 
a diameter D2. In this case, if the height of tiie hologram is 2h, the refractive index is n. and the wavelength of the ind- 
20 dent light is K the transmittance n o and the diffraction eff rciency n ^ ^ of the + 1 st ord^ diffraction light inside the area 
having a diameter D2 are represented by 

r\ o = (sinV*^ (6) 
25 11 ^1 =(sin24))/(*-Ti)2 (7) 

where 4> = 2ic{n-1)h/A, 

Therefore, if h = 345 nm and n = 1 .46. 

30 ^ = n/2 for X 635 nm 

Then, ti 0 = n + 1 = 0.405 

Also. (|) s 0.404n for X =785 nm 

35 n 0 = 0.566 

On the other hand, the transmittance r\ q and the diffraction efficiency n + 1 of tiie + 1 st order diffraction ligtit outskie 
the area having a diameter D2 are represented by 

40 n 0=* cos ^(4/2) (8) 

11 ^,=47i^sin^4,/2) (9) 

where ^ = 4Tc(n-1)h/X 
45 Therefore, rf h = 345 nm and n = 1 .46. 

^ = n for X s 635 nm 

Then, n o = 0 

so 

n ^i»0.405 

Thi^, in the holo^m 3302. about 40.5 % of the 635 nm wavelength light beam passes through tiie area having a 
diameter D2 as a transmissfon light beam, and about 40.5 % of the 635 nm wavelength light k>eam is diffracted by the 
55 area having a diameter D1 as a + 1st order diffraction light beam. Also, about 56.6 % of the 785 nm wavelength light 
t>eam passes through the having a diameter D2 as a transmission ligfit beam. 

Thus, the hologram 3302 can compensate for the akx>ve-described spherical aberration of the + 1 st order diffraction 
635 nm wavelength light beam, and also can serve as a convex lens for tiie -i- 1st order diffraction 635 nm wavelength 
light beam. As a result the focal point of the + 1^ order diffraction light beam at the disk A is near from the focal point 
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of the transmission light beam at the disk A* or B, so that the distance between the surface of the disk A and the objec- 
tive lens 6** can be atx»jt the same as the distance t>6tween the surface of the disk A' or B and the objective lens 6**. 

As illustrated in Rgs. 33 and 34B. an interference filter layer 3303 and a phase compensation layer 3304 are formed 
on a glass sut)strate 3301 . Also, an aperture 3305 is perforated in the interference filter layer 3303 and the phase oom- 

5 pensation layer 3304. In this case, a diameter 03 of the aperture 3305 is sn^ller than the diameter D2. The interference 
filter layer 3303 completely passes the 635 nm wavelength light therethrough, while the interference fitter layer 3303 
completely reflects the 785 nm wavelength light The phase compensation layer 3704 adjusts a phase difference 
between the 635 nm wavelength lieht passed through the interference filter layer 3303 and the ptese compensation 
layer 3304 and the 635 nm wavelength light passed through the air so ttet this phase difference is brought dose to 2n. 

10 That is. in the area outside of the aperture 3308, the 635 nm wavelength light completely passes therethrough, and the 
785 nm wavelength light is completely reflected thereby. On the other hand, in the inside of the aperture 3308. both the 
635 nm wavelength light and the 785 nm wavelength light compleltely pass therethrough. 

The interference filter layer 3303 and the phase corrpensation layer 3304 can be formed in the same way as the 
interference f 3ter layer 2902 arxj the phase compensation layer 2903 of Rg. 29B. 

IS Rg. 35 Is a cross-sectional view of a second example of the aperture limiting holographic optical element 3201 of 
Rg. 32, and Rgs. 36A and 36B are a front plan view and a rear plan view of the aperture limiting holographic optical 
element 3201 of Rg. 35. 

As illustrated in Rgs. 35 and 36A. a hologram 3502 is formed on a glass sut)strate 3501 . That is, staircase concen- 
tric irrterference fringes 3502a are provided inside of the area having a diameter D2 smaller than the effective diameter 
20 D1 of the objective lens 6**. and rectangular concentric interference fringes 3502b are provided outside the area having 
a diameter D2. In this case, if the height of the hologram 3/2. the refractive index is n. and the wavelength of the inci- 
dent light is X . the transmrttance x\ q and the diffraction efficiency ti + 1 of the + 1st order diffraction light in the area hav- 
ing a diameter D2 are repressed by the above-descrit>ed formulae (3) arxi (4). 
Therefore, if h = 345 nm and n = 1.46. 

25 

<|> = 7i/2 for X = 635 nm 

Then, t] o = 0.427 

30 t) + ^ = 0.346 

Also, ^ = 0.40471 for X =785 nm 
Then» Ti 0 « 0.588 

On the other hand, the transmittance n o diffraction efficiency r\^^ of + 1st oider diffraction light outside 

35 the area having a diameter D2 are r^resented t3y 

Tl o = cos^(*y2) (10) 
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XX =(4/n^)&n^m) (11) 



where <|> o 3n;(n-1)h/X 
Therefore, if h = 345 nm and n « 1.46, 

^ a 3n/4 for X 8 635 nm 
Then, 1)0 B 0.146 

11^1=0.346 

Thus, in the hologram 3502. about 42.7 % of the 635 nm wavelength light beam passes through the area insidethe 
so area having a diameter D2 as a transmission light t>eam, and about 1 4.6 % of the 635 nm wavdength light k^eam passes 
through tiie area having diameter D2 as a transmission light beam. Alsa atx)ut 34.6 % of the 635 nm wavelength light 
beam is diffracted by the area having a diameter D1 as a -f 1st order diffraction light beam. Therefore, the efficiency of 
the outgoing and incoming 635 nm wavelength light beam is 18^ % in the area inside the area having a diameter D2 
and 2.1 % in the area outside the area having a diameter D2. The latter efficiency is neglik^le as compared with the 
55 former efficiency. Also, about 58.5 % of the 785 nm wavelength light beam passes through the area having a diameter 
02 as a transmission light beam. 

Thus, the hologram 3402 can compensate for the above-described ^herical aberration of the + 1st order diffraction 
638 nm wavelength light beam, and also can serve as a convex lens for the + 1st order dlffFaction638 nm wavelength 
light beam. As a result tiie focal point of the + 1st order diffraction light beam at the disk A is near from the focal point 
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of the transmission light beam at the disk A* or B, so that the cistance t>etween the surface of the disk A and the objec- 
tive lens 6** can be about the same as the distance between the sulace of the disk A* or B and the objective lens 6". 

As illustrated In Rgs. 35 arxi 36B, a grating 3504 and an interference filter layer 3505 are formed on a front surface 
of a glass sUbstrate 3503, and a phase compensation layer 3506 is formed on a rear surface of the glass substrate 

5 3503. In this case, the glass substrates 3501 and 3503 are adhered by adhesives 3507. Also, an aperture 3508 is per- 
forated in the grating 3504, the interference titer layer 3505 and the phase compensation layer 3506. In this case, a 
diameter D3 of the aperture 3508 is smaller Vhan the diameter D2. The interference filter layer 3505 completely passes 
the 635 nm wavelength light therethrough, while the interference filter layer 3505 completely reflects the 785 nm wave- 
length light thereby. The phase conrpensation layer 3506 adjust a phase difference between the 635 nm wavelength 

10 f ieht passed through the grating 3504. the interference filter layer 3505 and the phase corrpensation layer 3506 and the 
635 nm wavelength ligfrt passed through the adhesives 3507 arxl the air, so that this phase difference is brought dose 

t0 2JL 

That is. in the outside of the aperture 3508. the 635 nm wavelength light completely passes through the aperture 
limiting holographic optical element 3201. and the 785 nm wavelength light is completely reflected by the aperture lim- 
75 iting holographic optical element 3201 . On the other hand, in the inside of the aperture 3058. both the 635 rvn wave- 
length light and the 785 nm wavelength light completely pass through the aperture limiting hok>graphic optical element 
3201. 

The hologram 3502 can be formed in the same way as tfie holographk; opticai element 5* as illustrated in Fig& 6A 
andea 

20 The grating 3504, the interference fflter layer 3505 and the phase conrpensation layer 3506 can be formed in the 
same way as the grating 3102, the interference filter layer 3103 and the phase comper^ation layer 3105 of Fig. 31 B. 

As explained hereinabove, according to the present invention, an optimum reading operation can be carried out for 
two or more different types of disks in which the thickness is different and/or the density is different. 

25 Claims 

1 . An optical head apparatus comprising: 

a first light source (12. 1 1) for emittirtg a first light beam having a first wavelength: 
30 a secorxl light source (1 1 . 12) for emitting a second light beam having a second wavelength different from said 

first wavelength; 

optical conrtxning means (13) for combining said first light beam and said second light beam; 
a holographic optical elem&it (5*. 5*^ for receiving said first light t>eam and said second light beam from said 
optical combining means to generate a zeroth order light beam of ssu6 first light beam and one of ± 1st order 
35 diffraction light beams of said second light beam; 

an objective lens (6*. 6**) for converging said zeroth order light beam at a first optical recording mecfium (A, B) 
having a frst thickness and converging said one of ± 1st order diffraction light beams at a second optical 
recording medium (B, A) having a secorxi thickness different from said first thickness; 
photodetector means (11. 12); 

40 a first reflected light beam of sakf zerotii order light beam reflected by said first optical recording medium pass- 

ing through said objective lens, said holographic optical element and saidoptrcal combining mear^ to said pho- 
todetector means. 

a second reflected light k>eam of sak:l one of ± 1 st order diffraction light beams reflected by sakS second optical 
recording medium passing through said objective lens, said holographic optical element arxJ said optical com- 
45 bining means to said photodetector means. 

2. The apparatus as set forth in claim 1, wherein said objective lens has a spherical aberration capat^le of compen- 
sating a spherical aberration caused when said zeroth order light k>eam is incident to said first optical recording 
medium arxl returns from said first optical recording medium, 

so said holographic optical element having a spherical ak>erration capat>le of compensating a sum of a spheri- 

cal aberration caused when saki one of ± 1 st over diffraction light beams is inddent to said second optical recording 
medium arxl returns from said second optical recording medium and a spherical at>enration caused when said one 
of ± 1 st order diffraction light beans is inckjent to sakJ objective lens arvJ returns from said objective lens. 

55 3. The apparati^ as set fortii in daim 1 or 2, wherein saki holographic optical element comprises: 

a glass siisstrate (501); and 

comentric interfererKe fringes on an area of saki glass sitetrate, said area having a diameter snialler than an 
effective diameter of saki objective lens. 
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4. The a|:^)aratus as set forth in daim 3. wherein said concentric interference fringes have a multilevel staircase cross- 
section. 

5. The apparatus as set forth in daim 1 or 2. wherein said holographic optical element comprises: 

a glass substrate (501); 

concentric interference fringes on a first area of a front surface of said glass substrate, said first area having a 
diameter approximately the same as an effective diameter of said objective lens; 
an interference filter layer (509); and 
a phase compensation layer (510). 

said interference filter layer and said phase compensation layer being formed out^e a second area of a rear 
surface of said glass substrate, said second area having a diameter smaller than the effective diamet^ of said 
objective lens. 

6. The apparatus as set forth in daim 5, wherein said concentric Interference fringes have a multilevel staircase cross- 
section. 

7. The apparatus as set forth in any of daims 1 to 6. wherein said photodetector means comprtees first and second 
photodetectors, 

said optical combining means splitting said first and second reflected light t)eams for said first and second 
photodetectors, respectively. 

8. The apparatus as set forth in claim 7, wherein said optical corTt)ining means transmits one of said first arxl secorKi 
light beams and one of said first and second reflected light k>eams and reflects the other of said first and second 
light beams and the other of sajd first and second reflected light beams. 

9. The apparatus as set forth in daim 7 or 8, wherein saki optical combining means comprises a polarizing beam split- 
ter, 

the one of said first and second ligtit beams emitted from said first and second light sources being a P polar- 
ized light beam, 

the other of said first and seoorxllight beams emitted from said first and second light sources being an S 
polarized light beam. 

10. The apparatus as set forth in any of daims 1 to 6, wheron said photodetector means comprises a single photode- 
tector. 

said optical combining means transmitting one of said first and second light beams and reflecting the other 
of said first and second light beams and said first and second ref leded light beams. 

1 1 . The apparatus as set forth in daim 1 0, wherein said optical combining means comprises an interference filter (13*). 

the one of said first and secorrd light beams emitted from said first and second light sources being a P polar- 
ized light t>eam, 

the other of said first and second light beams emitted from said first and second light sources being a P 
polarized light beam, 

said first and second reflected light t>eams being S polarized light t>eama. 

12. The apparatus as set forth in any of claims 1 to 6, wherein said photodetector means comprises a single photode- 
tector, 

said optical combining means transmitting one of said first and second light beans and sasJ first arvl second 
reflected light t>eams and reflecting the other of said first and second light beams . 

13. The apparatus as set forth in claim 12, wherein said optical combining means comprises an interference filter -(IS**), 

the one of said first and second light beams emitted from said fir^ and second light sources being an S 
polarized light beam, 

the other of said first and second light t>eams errvtted from said first and second light sources being an S 
polarized light beam. 

said first and secorxi reflected light t>eams being P polarized light beama 

14. The apparatus as set forth in any of daims 1 to 13. wherein said hdographic optical element (3201) forther oom- 
prtees an aperture limiting element for passing one of said first and second light beams and one of said first and 
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second reflected light beams within a first window smaller than an effective area of said objective lens and passing 
the other of said first and secorxl light t>6ams and the other of said first and second reflected light beams within a 
second window approximately the same as the effective area of said objective lens. 

said objective lens converging one of ± 1 st order diffraction light beams of said first fight t>6am at a third opti- 
cal recording media (A*) having one of said f ir^ thickness and said second thickness and having a different record- 
ing density from one of said first arxi secorxl optical recording medium. 

15. The apparatus as set forth in claim 14, wherein said aperture limiting element oonprises: 

a glass substrate (3301); 

an interfererKe filter layer (3303); and 

a phase compensation layer (3304). 

said interference fitter layer arxJ said phase compensation layer being formed outside of an area of said glass 
sut3Strate, said area defining said first window. 

16. The apparatus as set forth in daim 15, wherein said holographic optical element conprises a hologram (3302) 
including a saw-tooth cross-section portion (3302a) and a rectangular cross-section portion (3302b) formed on said 
glass substrate, said saw-tooth cross^ection portion being largen than said first coindow and smaller than said 
secorxJ window. 

17. The apparatus as set fbrtii in daim 14. wherein said aperture limiting element comprises: 

a first glass sitetrate (3501); 
a second glass substrate (3503); 
a grating (3504); 

an interference filter layer (3505); and 
a phase compensation layer (3506). 

said grating, said interference filter layer and said phase compensation layer being formed outskle of an area 
of said glass sitetrate. said area defining said first window. 

18. The apparatus as set for^ in daim 17. wherein said holographic optical element comprises a hologram (3502) 
induding a nrultilevel staircase cross-section portion (3502a) and a rectangular cross-section portion (3502b) 
formed on said first glass sut)strate. said multilevel staircase cross-section portion being larger tfian said first win- 
dow arxl smaller than said second window. 

19. An optical head app>aratus comprising: 

a first light source (1 1. 12) for emitting a first light beam having a frst wavelength; 

a secorvl ligtrt source (1 1 . 12) for emitting a secorxl light beam having a second wavelength different from said 
first wavelength; 

optical comtxning means (13) for combining said first light beam and said second light beam; 
an ok>jedive lens (6) for converging said first light beam at a first optical recording mediiffn (A*) having a frst 
recording der^ity and converging said second light t>eam at a second optical recording media (B) having a sec- 
ond recording density different from said first recording density; 

an aperture limiting element (2801). provided t>etween said optical combining means arxil said objective lens, 
for passing said frst light beam arxi a first reflected light beam of said first light beam t>y said first optical 
recording medium within a first wirx^ow approximately the same as an effective area of said objective lens and 
passing said secorxi light beam and a secorxj refleded ligfit beam of said second light beam by said second 
optical recording medium within a second window smaller than the effective area of said ot^'ective lens and; 
photodetector means (11, 12) for receiving said first and seoorxJ reflected fight beams passirig through said 
objective lens said aperture limiting element and said optical combining mear«. 

20. The apparatus as set forth in daim 19. wheran said opening fimiting element comprtees: 

a glass sitetrate (2901); 

an interference filter layer (2902); and 

a phase compensation layer (2903), 

said interference filter layer arxi said phase compensation layer being formed outside of an area of said glass 
substrate, said area definir>g said secorxi window. 
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21 . The apparatus as set forth in claim 20. wherein said interference filter layer comprises an altemately stacked con- 
figuration of an ockJ number of high refractive index layers artd an even nunt>er of lew refractive irdex layers, to sat- 
isfy the following: 

n^ •^i='^2*^2° 

where 

n^ is a refractive index of said high refractive irKjex layers, 
di a thickness of said high refractive index layers. 
n2 a refractive index of said low refractive index layers. 
d2 ^ a thickness of said low refractive index layers, and 
X is said second wavelength. 

22. The apparatus as set forth in claim 1 9. 20 or 21 . wherein said opening limiting element comprises: 

a glass sitetrate (3001); and 
a grating (3002). 

said grating being formed outside of an area of said glass substrate, said area defining said secorxj window. 

23. The apparatus as set forth in claim 19, 20 a* 21. wherein said aperture limiting element comprises: 

a first glass substrate (3101); 

a grating (3102) formed on said first glass sut>strate; 

an interference filter layer (3103) formed on said first glass sut>strate; 

a second glass sut>strate (3104); and 

a phase compensation layer (3105) formed on said secorxj glass sut^strate. 

said second glass sut)strate being adhered to said first glass substrate by adhesives, 

said grating, said interference filter layer and said phase compensation layer being formed outside of an area 

of said glass substrates, said area defining said second window. 

24. The apparatus as set forth in daim 23, wherein said interference filter layer comprises an altemately stacked con- 
figuration of an odd numk>er of high refractive index layers and an even nunr^r of low refractive index layers, to sat- 
isfy the following: 

n^ *d^e:n2 •d2 = X/4 

where 

n^ is a refractive index of said high refractive index layers. 

di a thickness of said l^gh refractive index layers. n2 is a refractive index of said low refractive index layers, 
ds a tiiickness of said low refractive index layers, arvj 
X ts said secorKi wavelength. 
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